To gain a better understanding of transmission and selecting appropriate measures for preventing the spread of Helicobacter pylori, the aim of this study was to investigate the prevalence of H. pylori in drinking water samples in Kermanshah, Iran. Drinking water samples were collected from around Kermanshah and filtered through 0.45 μm nitrocellulose filters. The bacterial sediment was subjected to DNA extraction and polymerase chain reaction (PCR) for H. pylori detection using newly designed primers targeted at the conserved region of the ureC gene. The overall detection rates for H. pylori DNA in the water samples were 56% (66/118) with a frequency of 36% (25/70) in tap water samples and 85% (41/48) in wells. The detection limit was 50 bacteria per liter of filtered water and a pure H. pylori DNA copy number of 6 per reaction. Based on the evidence we may suggest that recontamination occurred and H. pylori entered into the water piping system through cracked or broken pipes or was released from established H. pylori biofilms on pipes. In conclusion, a high prevalence of H. pylori was detected in drinking water samples that strengthens the evidence of H. pylori transmission through drinking water.
However, although the consequences of infection with H. pylori have been demonstrated, there are no hygiene measure recommendations to prevent transmission. This is because the mechanism of transmission is not well defined (Parsonnet et al. ; Brown et al. ) . In order to control H. pylori transmission, we need a better understanding of the risk factors and the mechanism of transmission (Engstrand ) . 
MATERIALS AND METHODS

Sample collection and processing
Municipal and well water samples were collected during June to November 2012. Kermanshah, the capital city of the province, is located in the middle of the western part of Iran. The population of the city is more than one million.
The city is mountainous and has a mild climate (Climatology & agarose gels and stained with ethidium bromide.
Determination of analytical detection limit and sensitivity for PCR assay
In order to determine the sensitivity of the method, the PCR detection limit (detectability) of the newly designed primer was determined using ten-fold serial diluted DNA of H.
pylori with known concentration. In brief, the concentration of pure extracted DNA of H. pylori was measured three times using a NanoDrop device (Thermo Scientific, USA) and the average value was considered as the real concentration. Eventually, a series of ten-fold serial dilutions (100 ng, 10 ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, 1 fg, and 100 ag) were prepared and PCR was performed on all these dilutions. Ultimately, the last dilution of the H. pylori DNA for which the PCR yielded a detectable band on the agarose gel was assigned as the test limit of detection.
For the purpose of calculating the copy number of H.
pylori, in the last concentration which produced a visible band, the average genome size of this DNA was estimated to be 1.67 × 10 6 base pairs. In fact, 1.67 fg of DNA is equivalent to a single genome of H. pylori. In addition, H. pylori cell suspension in phosphate buffered saline (PBS) was prepared from the 3-day-old culture. The bacterial cell number was quantified by Petroff-Hausser Counter. Cell counting was carried out three times and the mean of these was considered as the real number of H. pylori in suspension. The H. pylori suspension was used to make ten-fold serial dilutions in PBS.
The appropriate number of H. pylori cells were spiked in 1 liter of filtered and autoclaved tap water in the final concentrations of approximately 100,000, 10,000, 1,000, 100, 50, 10 and 1 cell/L. H. pylori-spiked samples were subjected to filtration, DNA extraction and PCR as mentioned above. The last concentration of the H. pylori cell with a visible band on the agarose gel was assigned as the analytical sensitivity.
Determination of specificity for PCR assay
The specificity of the primers was first tested by their ability to correctly amplify the gene of interest and then demon- In addition, the primers were subjected to in silico analysis against H. pylori related bacteria using BLAST.
Statistics analysis
Calculations were performed using the SPSS version 16. To determine the minimum number of H. pylori cells that could be amplified by our PCR primers in water samples, the sensitivity of the assay was evaluated by spiking one liter of filtered and autoclaved tap water in the final concentrations of approximately 100,000, 10,000, 1,000, 100, 50, 10 and 1 cell/L of H. pylori clinical isolate. As shown in Figure 3 , the minimum number of H. pylori cells that were required to give a visible PCR product on the gel electrophoresis was 50 cells per liter of water.
Determination of specificity for PCR assay
The specificities of the used primers were checked with pure The presence of H. pylori DNA in drinking water systems has been reported in the USA, UK, Germany, Japan, Meanwhile, as mentioned in Table 1 , the mean of free chlorine was much lower than the World Health Organization standards (WHO ). Based on the findings, there is a statistically significant association between the PCR positive samples and free chlorine concentration, and temperature (p < 0.001), H. pylori positive water samples showing significantly lower free chlorine concentration and lower temperature.
CONCLUSION
In conclusion, a high prevalence of H. pylori was detected in drinking water samples that were collected from Kermanshah. Our study provides evidence to support a possible waterborne route of H. pylori transmission through drinking water in Kermanshah. Additional studies are needed to thoroughly detect the viability and number of H. pylori cells. It would also be of value to attempt culturing H.
pylori in these samples.
